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ABSTRACT 

This  report  describes  work  performed  on  the  Packet  Speech  Systems  Technology 
Program  sf»onsorcd  by  the  Information  Processing  Techniques  Office  of  the 
Defense  Advanced  Research  Projec  ts  Agency  during  the  period  1  April  through 
30  September  1980. 
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INTRODUCTION  AND  SUMMARY 


The*  long-range  objectives  of  the  1‘aekel  Speeefi  Systems  'IVehnedogy  Program  are  to  develop  and 
demonstrate  teehnitpies  for  efficient  digital  sjx  eeh  eoimnuniealion  on  network*  suitable  for  both  voice  and 
data,  and  to  investigate  and  develop  techniques  for  integrated  voice  and  data  communication  hi  packet i/ed 
networks,  including  wideband  common-user  satellite  links.  Spec  dir  areas  of  concern  are:  the  concentra¬ 
tion  of  statistically  fluctuating  volumes  of  voice  traffic;  (lit*  adaptation  of  communication  strategics  to  vary¬ 
ing  conditions  of  network  links  and  traffic  volume;  and  the  interconnection  of  wideband  satellite  networks 
to  terrestrial  systems. 

Previous  efforts  in  this  area  have  led  to  new  vocoder  structures  for  improved  narrowband  voice  performance 
and  multiple-rate  transmission,  and  to  demonstrations  of  conversational  speech  and  conferencing  on  tin* 
ARPANK'l  .  1  the  Atlantic  Packet  Satellite  Network. 

The  current  program  has  two  major  thrusts:  i.t\,  the  development  and  refinement  of  practical  low-cost, 
robust,  narrowband,  and  v  “iable-rate  speech  algorithms  ami  voice  terminal  structures;  ami  the 
establishment  of  an  experimental  wideband  satellite  network  to  serve  as  a  unique  facility  for  tin-  realistic 
investigation  of  voice/data  networking  strategies. 

This  report  covers  work  in  the  following  areas:  filter  bank  vwoder  development;  design  study  of  a  high¬ 
speed,  easily  programmable,  research-oriented  speech  processor;  design  ami  implementation  of  cornpucl. 
modular  packet  voice  terminals  and  local  access  area  facilities;  the  design  and  implementation  of  a 
miniconcentrator  facility  to  mediate  the*  flow  of  local  access  area  traffic-  onto  a  wideband  channel;  and 
experimental  definition  and  planning  for  the*  wideband  network.  ^ 

An  integrated  noise -suppress ion  module  has  been  incorporated  into  a  real-time  software  Helgard- vocoder 
implementation  in  a  manner  compatible  with  the  I.SI  He  lgard  struc  ture.  The*  hardware*  design  stuely  for  a 
high-spe*e*el  K100K  signal  pr<H*e*sse>r  has  lh*en  completed;  the*  elesign  me*e*ts  the*  original  goals  of  high 
thremghput,  case  e»f  programming,  and  rnode*st  size*.  S‘eond-ge*m*ration  versions  e»f  the*  Packet  Veiie  e* 
Terminal  (PVT)  have  been  imph*me*nte*d  anel  teste*el  on  the  l.ineoln  expe*rime*ntal  ae*ce*ss  network  (I.KXNKTl. 
Key  ne*w  fe*ature*s  include  e*xt<*nde*ef  menmry,  DMA  I/O,  a  fle*xihle*  external  vocexle*r  interfae  e*  jMirt.  anel  a 
micropreieessor-rontrcilled  tc*lephone-instnime*nt  subsysle*m.  ST  ami  NVP-2  protocol  software  have*  hern 
developed!  fe»r  the  PVTs.  Miniceme-cntrateir  ele*ve*le»pment  lias  proe  e»e*ch*el,  including  imple*nientation  of  alt 
software*  for  critie*al  gateway  funetieuis  ami  deve*lopme*iil  ami  te*st  of  a  distant  heist  hardware*  inte,rfae*e*  (o  the 
wielebanei  satellite  network.  Satellite  e*arth-slatie»n  equipment  for  the*  wieledtanel  packet  spe*e*e  h  e*xpe*rime*nts 
has  be*e*n  inslalleel  and  subjected  to  initial  testing  at  l.iuceiln  anel  at  the*  other  site*s  on  the*  wiele*banel  network. 
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INFORMATION  PROCESSING  TECHNIQUES  PROGRAM 
VOLUME  I:  PACKET  SPEECH  SYSTEMS  TECHNOLOGY 


1.  Fll.TKR  HANK  VOCODERS 

Negotiations  were  conducted  with  the  Bell  System  to  obtain  some  documentation  -m  their  Digital  Signal  Processing 
<lii|»>.  The  availability  of  such  <loeu  ment  at  ion  would  allow  us  to  write  programs  to  lest  the  hypothesis  that  a  total  of  two  chips 
should  be  sufficient  to  implement  the  Belgard  analyzer,  and  two  more  lor  the  synthesizer.  It  would  also  be  possible  to  assess 
the  chips  capability  lor  other  vocoder-related  functions,  such  as  pilch  extraction.  Presently,  it  does  not  appeal  that  the 
necessary  information  will  he  marie  available. 

A  real-time  software  version  of  the  Belgard  channel  vocoder  has  been  expanded  to  include  an  integrated  at  ousiu  -noise, 
suppression  capability.  Because  the  vocoder  analyzer  as  realized  in  the  Texas  Instrument-  custom  l>l  chip  doc--  not  allow 
access  to  the  bandpass  filter  outputs,  some  algorithm  compromises  are  necessary  if  the  Belgard  hardware  is  to  be  |Hilenlially 
equipped  with  this  feature.  The  modified  noise-suppression  algorithm  is  activated  once  per  tram#*  and  is  driven  onlv  hv  the 
quantized  channel  weights  and  the  pilch  information.  Approximate  signal-lo-noise  ratios  (SNBsl  are  computed  lot  all  chan¬ 
nels  using  this  information,  and  the  log  channel  weights  an*  then  attenuated  appropriately  v  ia  dirc<  t  s|»eclrul  subtraction.  The 
noise-suppression  module  could  be  implemented  in  the  control  microprocessor  firmware  and  inserted  just  prior  to  the 
parameter  encoding  routines.  No  multiplies  are  involved  in  tlx*  modified  algorithm  implementation. 

Second-generation  Belgard  synthesizer  dev ires  were  supplied  by  Texas  Instruments  for  evaluation  via  the  I.DSP-hased 
real-time  lest  bed.  Observed  performance  was,  in  general,  markedly  superior  to  that  of  earlier  versions.  Although  some  rela¬ 
tively  minor  anomalies  were  discovered  which  seem  straightforward  to  solve,  a  major  S.NB  problem  remains.  Subjective  ex¬ 
periments  with  a  calibrated  attenuator  suggested  that  an  improvement  on  the  order  ol  IB  to  20  dB  is  warranted  before  the 
dev  ice  could  be  considered  usable.  Processed  speech  rec  ordings  were  forwarded  to  Texas  Instruments  lot  further  study . 

Some  implementational  studies  have  been  initiated  exploring  the  possibility  of  a  compart,  all-digital  Belgard  channel 
vocoder  based  primarily  on  the  NEL  p.PD  7720  signal-pnw-essing-orienled  single-chip  microcomputer.  Detailed  preliminary 
documentation  for  ibis  device  has  been  obtained  and  has  been  studied  in  considerable  detail.  Drlivcrv  of  EPBOM  version- 
ol  the  device  is  currently  projected  for  the  first  of  the  calendar  year.  These  will  apparently  operate  at  a  slightly  reduced  clock 
rate  relative  to  the  factory  mask -programmed  BOM  versions.  Initial  indications  are  dial  a  design  comprised  ol  five  NEL  chips 
in  conjunction  with  a  suitably  chosen  8-hil  single-chip  fJL-cont  roller  is  feasible.  Some  attention  is  being  focused  on  reducing 
the  chip  count  of  the  analog  conditioning  and  digital/analog  interlace  subsystems.  I  bis  may  be  possible  through  innovative 
application  of  commercial  LODEL  and  CODEC  filter  devices.  Work  has  also  been  initiated  on  a  1*1)1*- 1  l/l.Vhased  nos— 
asse  mblcr  for  the  7720. 

ii.  high-performance  programmable  speech  research  processor 

A  study  lias  been  performed  addressing  the  design  ol  a  high-speed  signal  processor  as  a  potential  successoi  to  the  1 .1  )SP. 
I’he  basic  design  goals  of  the  new  machine  include:  throughput  on  the  order  of  five  limes  dial  of  the  I.DSI*.  ease  of  program¬ 
ming.  and  modest  size.  Since  the  liighest-performanee  commercially  available  digital  technology  base  (ELI.  lOOki  i-.  onlv 

2. :>  limes  taster  than  the  logic  series  used  in  the  I.DSI*  (ELI.  I0K).  the  desired  increase  in  throughput  must  come  from  a  <  utii- 
hinulion  of  architecture  and  technology  base. 

The  architecture  dcvelojied  supports  a  three-address.  rcgis|er-lo-regisler  A 1 .1  operation  and  a  simultaneous  Iwo-rcad 
or  one-write  data  memory  access.  The  data  memorv  communicates  only  with  the  general  register  file.  Parallel  index  register 
manipulations  are  also  performed  simultaneously  to  reduce  address  generation  overhead.  A  2T-hil  word  length  was  chosen 
as  a  compromise  between  increased  computational  precision  ami  machine  speed/eomplexilv .  The  projected  instruction  eyrie 
lime  is  If)  ns.  which  will  sup|iort  all  operations  in  a  single  o|km*Ii  except  integer  multiplies  and  iloutiug-|>nirit  computations. 
The  index,  increment.  I/O,  and  status  registers  will  be  accessible  to  the  Al.l  as  il  they  were  general  registers,  f  igure  I 
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Fig.  1 .  Architecture  of  high-speed  programmable  speech  research  processor. 
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Fig.  2.  System  block  diagram  of  Packet  Voice  Terminals  with  LEXNET  and  trap  control 
card  interfaces. 
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slums  a  block  diagram  of  the  machine  itr«*h including  communication  paths  among  the  data  memory,  data  registers, 
index  and  address  complex,  I/O  registers,  s|H‘cial  registers,  and  Aid  . 

The  structure  vsill  support  an  inslriiction  ui  the  lorm: 

Nl  —  R  ;  M  —  R  K  ®  K  K 

«>i 

R  ®  R  —  l<  :  K  —  W 

where  M  indicates  an  arbitrary  data  memory  address,  R  a  general  register  address.  0  an  arbitrary  Aid  operation,  and 
the  direction  of  data  transfer.  Aid  operation*  inrlude  tin  standard  integer.  logical.  and  floating-point  repertoire  with 
the  exception  of  integer  or  floating-point  divides.  Several  unique  arithmetic  instruction*  (e.g..  multiply -accumulate!  as  well 
as  a  flexible  set  of  control  instructions  art*  also  included.  Projections  indicate  that  a  hardware  implementation  will  require 
six  large,  specially  designed  wire  wrap  panels  and  about  HMK)  f  100k  devices.  Net  complexity  is  on  the  order  of  .i  to  1  times 

that  of  the  Id  ISP. 

Detailed  documentation  of  the  design  has  been  completed  and  will  he  distributed  under  separate  cover  as  a  Lincoln  Tech¬ 
nical  NotefTN  l(m0-50). 

III.  PACKET  VOICE  TERMINAL  AND  LOCAL  ACCESS  AREA 
A.  Packet  Voice  Terminal 

As  previously  reported,  the  Packet  Voice  Terminal  |P\T|  has  been  subjected  to  a  major  redesign  addressing  a  variety 
of  evolving  requirements  in  the  context  of  the  Wideband  Experimental  Packet  network  and  beyond.  The  new  design  is  funda¬ 
mentally  a  single  CPI  system  featuring  8k  bytes  of  h>cal  RAM,  a  flexible  DMA  type  of  iu/out  capability.  an  RS-232  serial 
ASCII  I/O  port  to  support  misccllammus  control  functions  (e.g.,  telephone  instrument  I.  a  32K-bylc  program  memory  expan¬ 
sion  option,  an  integrated  64-khps  PLM  digital  voice  subsystem,  and  a  jvuwerful  external  vocoder  interface  port.  The  revised 
vocoder  interface  design  takes  advantage  of  efficient  DMA  transfers  and  has  made  the  vocoder-handling  microprocessor  In  ¬ 
ferred  to  as  p.C-1  in  past  reports)  unnecessary  .  An  overall  system  block  diagram  of  the  P\  T.  together  with  its  LFWFTand 
trap  eonlnil  Im>x  interfaces,  is  shown  in  Fig.  2.  The  revised  protocol  processor  structure  is  shown  in  Fig.  3. 
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Fig.  3.  Revised  protocol  processor  structure. 


The  PCM  voice  subsystem,  based  on  the  INTEL  2910  CODKC  chip  family  and  mounted  on  a  separate  t  aid.  provide* 
a  backup  digital  voice  mode  through  which  the  terminals  can  always  communicate.  The  PCM  card  also  serves  as  the  physical 
location  of  the  externa)  vocoder  interface  and  analog-signal  distribution  components.  Analog  connectivity  to  the  telephone 
instrument  is  controlled  by  an  on-card  switch  which  routes  the  signals  either  to  the  PCM  complex  or  to  the  external  vocoder 
interface.  The  PCM  complex  also  features  a  silence  detection  capability  which  can  be  enabled  through  an  un-card  switch. 
External  vocoders  will  incorporate  their  own  silence  detection  as  appropriate.  Figure  X  slums  the  PCM  complex  and  its  bvte- 
parallel  interface  to  the  protocol  processor. 

Given  the  revised,  DMA-oriented  structure  of  the  PVT  I/O.  a  flexible  external  vocoder  interface  concept  was  developed 
to  take  advantage  of  the  efficiencies  offered  by  DM  A  transfers.  Digital  voire  traffic  to  and  from  the  external  vocoder  is 
handled  in  a  byte-parallel  fashion  via  a  pair  of  8-bit  paths.  Since  the  DM  A  is  assumed  to  be  continuously  active,  a  full  hand¬ 
shake  is  not  necessary  and  word-transfer  strobes  are  generated  by  the  external  device.  The  speech  data  are  separated  into 
packets  through  framing  signals  provided  by  the  external  vocoder.  A  simple  packet  format  has  been  developed  which  incorpo¬ 
rates  silence  detection  and  rate  control  information  in  the  header  field.  A  second  pair  of  8-b»t  paths  is  provided  to  support 
control  functions  such  as  the  downloading  of  software  into  programmable  speech  processors. 

A  third  card  is  used  to  house  the  32k-byte  program  memory  expansion  option.  The  extra  memorv  is  provided  to  support 
more  advanced  and  complex  voice  protocol  software  that  may  evolve  in  response  to  future  needs. 

A  new  design  has  been  developed  for  the  telephone-instrument  subsystem  itself.  The  telephone-  unit,  physically  external 
to  ami  separate  from  the  PVT  subrack,  contains  a  minimal  configuration  8085  microprocessor  complex  which  controls  dialing 
and  signaling  functions.  The  digital  control  paths  connect  to  the  P\  T  CPI  through  the  RS-232  se  rial  link.  The*  telephone 
pi*  interprets  dialing  keys  and  the  off-hook  condition.  It  also  controls  the  dial  lone,  ringing  tone,  busy  signal,  and  *’bcll.“ 
Tlie  special  tones  are  generated  by  the  controller  hardware  amf  added  to  the  analog  signal  dri»  ing  the-  earpieee*.  Analog-signal 
paths  between  the  telephone  and  PCM  card  are  of  the*  balanced  twisted-pair  type*.  Figure  5  shows  a  hloe-k  diagram  of  the- 
telephone-instrument  subsystem,  and  Fig.  (>  shows  the  hardware  as  mounted  in  a  standard-size  telephone  set. 


Fig.  6.  Telephone  instrument  and  associated  circuitry  for  PVT. 


Kmii  hill  l*\T  units.  including  their  I.KWKT  interlaces.  have  presently  Ih*i*ii  iahm  aled  ami  tested.  Two  telephone  in- 
ylrumcnls  air  operational.  ami  two  more  await  tinal  checkout.  Basic  microcode  lias  been  generated  allowing  a  pair  o|  termi¬ 
nals  l« » romttiunirale  on  the  I  KWh  1  without  N\  I*  trim I  his  type  ot  lest  verities  tin*  basic  him  tional i I \  ot  all  l'\  T  sub- 
yvstcrns.  To  exercise  the  external  i<ninI(T  |>orl.  an  J.DSI’-based  rral-lmtr  1.1*1, -10  v»a-  developed  and  phvsir.illv  connected 
lo  the  I  *  \  T.  Appropriate  liming  signals  weir  generated  hum  the  vim  «m|ci  cod  through  specialized  I.US1*  software.  In  this  wav . 
point-to-point  duplex  2  MMI-hps  speech  communication  was  mii  cesslully  demonstrated  on  llu*  I.KWKT,  without  higher-level 
voice  protocol'. 

\\  ink  on  l  hr  design  o!  ihr  willwair  lor  I  In-  Packet  \  on  e  I  ermm.ds  is  ic.i'onahlv  nialurr.  [hr  protocols  I  or  point -lo- point 
conversations  have  been  written.  keeping  in  mind  Inline  upgrades  to  im  lode  confeieming  capabilities.  SI  and  N\  I1-!!  pro¬ 
tocol  arc  being  rrt'inrd  a*  actual  implementation  jmmiiIs  up  array  needing  impiowmrnl. 

In  order  to  begin  debugging  hclore  actual  arrival  ol  the  revised  P\  T*.  an  cxpcnmc  il.il  environment  was  devised  using 
the  KPOS  operating  system.  I  wo  copies  ol  tin*  P\  l  soil  ware  are  invoked.  Protocol  messages  are  sent  between  these  two 
"terminals"  via  the  AKPANKT.  Ihr  d(*hugging  conliguralion.  which  hay  also  been  invaluable  in  the  development  of  mmieon- 
cenlralor  gateway  t  ode  (see  See.  I\  I.  is  depicted  in  Kig.  7.  Initial  dehugging  ol  the  N\  P-ll  software  in  lhi.>  environment  is 
complete.  This  code,  written  in  (’.  is  now  bring  linked  to  the  assembly  language  code  necessary  to  control  the  hardware  sub- 
-vsteniMil  the  protocol  processor. 


Fig.  7.  Debugging  configurotion  for  PVT  and  miniconcentrator  gateway  software. 

A  capability  lor  downloading  NONA  software  assembled  on  the  1*1)1’- 1  I  /TO  to  the  P\  T  lias  been  tested,  and  the  major 
systems  issues  appear  to  have  hcen  resolved.  An  initial  program  consisting  ol  a  (.  portion  and  an  assembly  language  segment 
written  in  “  A  Natural  were  downloaded  and  linked  to  K( )\1-resident  mierncode  emir  written  in  the  INTKK  asssemblv  language. 


B.  Access  Area  (LEXNET) 


1 .  Modem 

The  modem  card  has  heen  split  into  two  pieces  to  allow  the  voice  terminal  to  l>e  located  some  distance  from  the  main 
transmission  cable.  The  cable  tap  contains  the  cable  driver,  receiver,  and  collision  detection  logic,  it  is  contained  in  a  4Vh- 
X  2 Vh-  X  2-in.  Imjx  which  vonnt'vts  directly  to  a  lee  in  the  cable.  The  prototype  of  the  cable  lap  contains  two  printed-circuit 
cards.  Power  is  derived  from  a  separate  floating  |>ower  supply  in  the  terminal.  The  logic  signals  are  optically  isolated  from 
the  signals  in  the  terminal  to  avoid  ground-loop  or  lightning-surge  problems  typically  resulting  from  long  cable  runs  within 
a  building.  The  prototype  of  the  cable  tap  has  heen  debugged  and  is  working. 

2.  Buffer  Control  Processor 

A  new  version  of  the  program  for  the  buffer  control  processor  has  been  generated.  Revisions  include  a  2-byte  field  lor 
packet  length  specification  as  opposed  to  l  byte.  This  program  has  been  successfully  tested  with  the  concentrator  interface 
port. 

3.  Trap  Control  Units 

Three  of  the  trap  control  units  have  now  heen  built.  They  have  been  modified  to  allow  downloading  of  software  via  a 
9600-baud  teletype  link  to  the  POP- 1  1/70.  The  link  has  been  tested,  ami  loading  of  code  compiled  on  the  PD;’  ■  1/70  has 
been  demonstrated.  The  downloading  path  is  being  used  for  tin*  development  of  the  NVP  software  for  the  PVT. 

4.  Concentrator  Interface  Port 

The  concentrator  interface  |x>rt  from  the  LEX.NET  has  been  interfaced  to  the  SIO  port  of  the  LMC-Z80.  Packets  have 
been  successfully  sent  back  and  forth  over  the  RS-422  link  between  the  LKXNET  and  LMC-Z80  at  a  750-kbps  rate.  Unex¬ 
pected  hardware  difficulties  involving  the  interaction  between  the  SIO  chin  and  the  DMAs  in  the  Z80  have  so  far  prevented 
us  from  achieving  higher  rate  full-duplex  communication  on  this  RS-422  link. 

5.  Local  Access  Network  Software 

A  new  packet  formal  for  the  LKXNET  has  been  designed.  It  will  allow  for  conference  addressing  capable  of  supforling 
up  to  eight  conferences  on  a  net.  It  also  provides  for  control  packets  to  allow  communication  among  the  various  processors 
within  a  terminal.  These  packets  will  be  used  to  control  the  conference  addressing  and  to  pass  flow  control  information.  The 
new  formal,  which  will  require  only  minor  software  modifications,  will  he  inc  orporated  in  the*  next  version  of  the  terminal 
software. 

IV.  MINICONCENTRATOR  DEVELOPMENT 

Progress  continues  on  the  implementation  and  checkout  of  all  conqHinents  of  the  miniconccntrator.  Operational  status 
of  a  full  LEXNET-to-ARPANET  gateway  is  imminent,  and  the  requisite  hardware  and  software  interfaces  for  a  LEXNKT-lo- 
WB  SATINET  gateway  are  operational  and  ready  for  further  testing  when  the  satellite  channel  becomes  available  (expec  ted 
in  early  EY  81).  The  previous  semiannual  described  in  some  detail  the  hardware  and  software  design  for  the  miniconcentrator 
system,  as  well  as  the  internet  voice  protocols  (ST  and  NVP-2)  to  he  implemented.  These  designs  remain  essentially  as  de¬ 
scribed  there.  Status  updates  on  the  ongoing  development  of  hardware  interfaces  and  miniconccntrator  gateway  software*  arc* 
given  in  the  following  sections. 

A.  Interface  Hardware  and  Software  Status 

The  design  and  development  of  the  special  I/O  board  lo  interface  the  UMC-Z80  to  the  PSAT  using  the  ARPANET  Dis¬ 
tant  Host  (DM)  protocol  have  heen  completed.  The  interface  circuitry  includes  handshaking  logic*,  serial/parallel  and  parullel/ 
serial  conversion,  tri-state  data  busing,  hyte-swap  reformatting,  and  error  detection  logic.  A  functional  block  diagram  of  the* 


DH  inlrj-iarc  lioard  is  shown  tr»  Fig.  8.  The  circuits  art*  mounted  on  a  sj>ecial  PDP-11  compatible  wirewrap  hoard,  anti 
special  KS-422  elements  an*  iii«*lncl«*<]  lo  allow  communication  via  balanced  Iwistrd-pair  cabling.  The  interface  I  Mian  I  in¬ 
clude*  alsMl  M)  integrated-circuit  chips.  Two  units  havt*  hern  constructed  ami  debugged,  ami  one  of  these  has  he*en  de*liv**rcd 
to  1SI.  (’.oust ruction  ot  additional  copies  of  the  hoard  for  the  other  wideband  network  sites  is  tinder  way.  In  order  to  cheek 
out  the  trourds,  a  series  of  Z80  diagnostic  programs  was  written  to  exercise  all  the  functions  t»f  the  Uiurd  ami  to  perform  loop- 
back  tests  with  ami  without  the  |*SAT.  I.oopback  testing  with  the  !*SAT  has  been  successfully  carried  out  using  /.HO  programs 
written  to  exchange  setup  messages,  status  messages,  and  datagrams  with  the  l*SAT  using  the  Most  Access  Pmtoced  111  Alb 
designed  by  BBIN.  This  II  AP  protocol  will  lie  used  for  packet  communication  between  the  mini*  oncentrator  gateway  and  the 
l ‘SAT  for  iorthcoiuing  experiments  on  the  wideband  channel. 

(.om  mu  location  between  the  l:M(!-/H()  and  die  I.KWKT  is  accomplished  using  the  l  VI 0-/80' s  serial  I/O  (SlOt  chip 
and  a  special  I.KWKT  interface.  A  series  of  LML-/80  programs  has  been  written  to  cheek  out  and  debug  this  interface. 
Most  of  these  programs  have  I  wen  run  under  the  KMX  operating  system  using  the  manufacturer-supplied  l  ML-Z8U  dchiiggei 
(/DID.  The  actual  minieorteertlralor  code  will  run  in  the  KPOS  operating  system  environment.  To  make  this  possible.  /DH 
has  been  successfully  modified  to  run  under  KPOS.  The  basic  Z80  code  for  the  minieoneenlraloi  !  as  been  written,  and  has 
been  tested  in  the  KPOS  environment. 

Communication  between  the  /HO  and  the  PDP-l  1  requires  no  special  interface,  since  the  PDP-I  1  can  dirci  tlv  add  re- s 
/HO  memory.  The  re<juired  software  to  effect  this  communication  has  been  written  ami  tested  using  / DH.  Kssenhativ  the  same 
software  will  he  used  for  P  DP- 1 1  interchanges,  with  the  two  ZHO'son  the  LEX  NET  and  !*SAT  sides  of  the  gateway . 

B.  Minieoneentralor  Software  Status 

The  development  and  checkout  of  the  KPOS  support  environment  for  the  minieoneentralor  have  I  teen  completed.  EPOS 
can  now  he  installed  on  the  PDP-l  1/45  either  directly  from  disk  or  downloaded  from  the  PDP-l  1/70.  An  AH  PA  NET  <  »>m- 
nmnicution  package  has  been  developed  to  allow  communication  among  PDP-11  KPOS  processes  on  the  AKPANET.  Un- 
software  is  an  operational  part  of  the  LEX  NKT-to-A  H  PA  NET  gateway,  and  has  served  in  the  interim  as  an  essential  develop¬ 
ment  and  debugging  aid  for  the  gateway  and  PVT  software.  Minieoneentralor  software  checkout  has  proceeded  using  the 
PDP-l  1/l.Vs  at  both  Lincoln  and  ISL  Access  to  the  IS1  computer  over  the  AKPANET  from  Lincoln  has  been  parti.ul.ulv 
helpful  during  morning  hours  (East  Coast  time). 

Software  for  the  PDP-l  1  and  HMC-ZHO's  to  execute  all  basic  gateway  functions  has  been  written.  Critical  PDP-l  I  inn. 
lions  include  the  sorter,  the  ST  forwarder/ aggregator,  the  IP  forwarder,  the  dispatcher,  and  tin*  connection  manager.  'Hie  re¬ 
source  allocator  and  ST  and  IP  routers  are  not  critical  to  an  initial  communications  capability  on  the  W  H  SAT.NET.  but  these 
components  have  been  designed,  and  coded  in  skeletal  form.  The  status  of  the  Z80  interface  code  for  the  minicorireulrulor 
was  described  above*.  I  sing  tin*  AKPANET  and  EPOS  debugging  environment,  two  instances  of  PV  T  programs  running  m 
the  PDP- 1  b  45  at  ISI  have  established  ST  connections  via  an  IP/ST  gateway  running  in  the  PDP- 1 1/45  at  Lincoln. 

The*  initial  checkout  ami  dcmemslratiem  of  the*  full  gateway  capability  will  be*  comprise**}  of  a  voice*  call  se  tup  and  I.PL 
conversation  I  tel  ween  a  PVT  on  llu*  LEXNKT  unel  a  PDP-l  I  host  ami  AP-I20K  speech  processor  combination  at  ISL  The* 
sfx*e**  h  access  facility  configuration  shown  in  Kig.  *)  is  being  used.  The*  AKPANET  interface*  allows  communication  with  ISI 
for  gateway  ami  protocol  checkout  prior  to  the*  availability  ol  the*  wideband  channel,  which  will  be  accesse  d  through  the-  Dll 
interface  as  shown.  LIT  is  implemented  in  an  LDSP  at  Lincoln  ami  an  AP-120K  at  ISL  Operational  status  of  the*  full 
LEX NET-to- AKPANET  gute*way  capability  re*<piire*<l  to  achieve  this  milestone  is  imminent.  The  same*  gale-way  software,  to- 
gethe*r  with  the*  l*SAT  inte*riuce»s  describ'd  above,  will  be*  use*d  for  initial  packe*t  speech  e*xperiuu*uis  on  the*  WK  SATINET. 

V.  EXPERIMENT  DEFINITION  AND  PLANNING 

A  current  Supplement  to  the  Experiment  Plan  is  in  preparation.  As  in  the  past,  the  Supplement  will  include  a  brief  sttnt- 
mar\  of  the*  purfmses  and  background  of  the*  Experimental  Wideband  Network  Program.  It  will  go  on  to  provide  up-to-date* 
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information  on  tin*  status  ol  the  three  major  aspect*  of  planning  and  preparation  for  the  program  —  nameK  .  experimental  *>-- 
tem  development  and  installation.  s\  stent  validation,  am)  advanced  >\»tem*  experiment*.  K.aeli  ol  the  ma|oj  expenmeni.il 
network  subsystems  will  he  discussed  under  tile  first  two  topic  area*,  im  hiding  the  earth  -lation  ,iim|  .  h.iiinrl:  l  >(;  |'>  VI  : 
the  l‘l>l*-ll  t  om-eiilrator  and  its  special  interfaces:  the  \  oiec  l  imnel;  and  the  I.I  AM  I  and  related  packet  *pee«  h  jm-« 
taeiiiiie*.  1  he  third  topic  area  \v iff  describe  the  progress  of  the  past  war  m  planning  advanced  *v stems  experiment*  in  broad¬ 
cast  satellite  demand  assignment,  rnulli-iiser  packet  speecli  technupies.  rale-adaptive  coiunninn  alion*.  and  digital  vm«  » 

conferencing.  I  he  >upplemeitt  will  also  include  current  schedule  inhumation  for  *v*tem  development  and  . .  and  ha 

the  experimental  program*.  \  lew  kev  item*  relevant  to  progress  on  system  installation  and  micgiutiou  an  *ummari/ed  in nth 
helow. 

I  lie  Western  l  nioii  earth  stations  have  been  installed  at  all  four  *itcs.  Tin-  installation-,  at  |H  |  I  am)  >KI  have  been 
eumph'ted.  and  those  stations  are  essentially  ready  for  aeceplanee  testing:  elieekoul  and  alignment  ol  the  e|e«  ttoun  *  ale 


Fig.  10.  Lincoln  Laboratory  earth  terminal  (outdoor  portion). 


m  .a  i n l’  •  onipfetioii  at  l>l  and  l.irn  « »l r i .  I  fie  satellite  network  Use*  a  portion  .»)  a  lianspondei  |«-a*ed  tnun  W  estein  (  iihui  on 
w  i  -i  m;  hi.  whh  h  i-  m  geosiat mnarv  orbit  at  W  e*|  longitude  \  photograph  o|  the  onfdoot  portion  of  the  1  im  o)n  e.mi, 
'laiioti  i-  *hown  in  rig.  IO.  I  lie  - ftr  antenna  and  the  eatlh  station  equipment  w«ie  itianulai  tin  •  d  ha  W  ••stern  l  m-m  In 
^  rentitu  Atlanta.  I  hi*  low-hoise  in  eivmg  amplifier.  lot  an  d  in  tin*  antenna  I*  «  d.  opeiales  al  a  downlink  lte«piem  v  ..I 
d.Tdl  •  -II/.  The  III*  \  I*  a  :.vw  1 1 aveling-wave-liilie  amplitin .  operating  at  an  uplink  fteipu  in  \  o|  d.’t.Vt  t  d  I/:  it  i*  In*  ah  d 

111  the  white  an  -«  olid  it  lolled  1 1  height's  e||«  Insure  V  Isihle  heloW  the  dlsli.  With  its  iriodul.lloi  and  the  ei  IM  1  |/  duvet  and  l« 

•  el \e|  eleetronies  |o|  tile  l.»OII-|t  II'  ruble  Hills  eotineellll"  the  e.ulli  station  With  |li«-  |.i||st  modem  Mi  the  t  .loop  J  |  lah«U.lto|v 

an  a.  I  . let  tin  de-n  mg  i*  \  :m  ided  hu  the  dish  and  the  (  assegrainian  suhr<He<  tor .  h«uh  to  in .im-  iejiai<ie  si  j  \  j<  ,  m  Smih,  , 
and  to  avoid  the  adpn  riif-sutrlhte  mterh-rem  e  that  •  ould  lie  ran*ed  l.v  antenna  pattern  degj.idal mu  dm  to  i.  .  d< -posits 

w  hde  it  mav  serin  that  the  iiistallal ion  o(  .ii<  h  a  station  should  he  a  simple  matter  ,i|  phiggiug  in  and  tumuig  on  .i  slandaid 
-el  of  oil  - the- s||e|f  eonimeh  i .i l  ei |i j i puietit .  then-  i>  in  t.H  I  a  *nl is|.,nt  i.d  amount  ol  \  auation  It. mi  site  to  -u>  win.  h  n  <;inn  - 
spf  i.d  eng  ii  leering  at  tent  ion  t(»  matter*  sin  h  a*  lengths  and  parameter  s  ,,|  wav  e  guide  and  •  o.ix  i  a  I  •  abb  miii  Im  a)  III  *  m  m  on 
men!,  and  -n  on. 
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Tin-  Lincoln  PSAT  lias  I  teen  delivered  anil  installed.  Basic  PSAT  software  has  been  successfully  run  by  HUN  using  control 
coiimuinicutions  over  the  ARPANET.  Packets  have  been  exchanged  between  a  l  Mb-/.  BO  and  tile  PSAT  using  Lincoln's  special 
1)11  interface  Imard.  ISI's  l*SAT  was  first  delivered  to  I.inkahil .  whtTe  checkout  of  the  J*SAT/KSI  interface  was  carried  out: 
that  PSAT  is  now  installed  at  ISI.  The  installation  of  ESlsal  LSI  and  Lincoln  is  imminent,  after  which  integration  and  checkout 
of  the  WB  SATNET  will  proceed. 

A  Wideband  System  Integration  Meeting  was  held  on  1 !)  June  198(1  at  DCEC,  in  Keslon.  The  meeting  was  organized 
by  L.ineoln  laboratory  and  was  attended  by  representatives  of  the  four  experiment  sites,  the  subsystem  suppliers,  the  sponsoring 
agencies,  ami  (he  satellite  system  integration  contractor  (COMSAT).  The  main  purpose  of  the  uieeting  was  to  address  the 
specific  near-term  problems  of  assembling  and  debugging  the  equipment  configurations  at  the  sites.  The  four  subsystem 
suppliers  (Western  Union,  l.inkahit,  BUN,  and  —  with  resjieel  to  the  minieoneentrator  —  Lincoln  lalmratorv  I  bad  prepared 
and  circulated  summaries  of  equipment  physical  and  electrical  requirements  in  advance.  Topics  discussed  at  the  meeting  in¬ 
cluded:  delivery  and  installation  schedules;  subsystem  interface  definition  issues;  racks  und  cables;  acceptance  and  integra¬ 
tion  test  planning;  and  implications  for  near-term  ex|>crimcnts.  A  summary  of  action  items  and  unresolved  issues  was  prepared 
by  COMSAT  and  was  distributed  to  the  meeting  attendees.  Interaction  on  these  items  has  continued  as  appropriate.  The  m  oil 
for  another  integration  meeting  will  be  accommodated  by  suitable  agenda  items  at  the  Wideband  Meeting  scheduled  I  or  (>  and 
7  November  1980 at  ISI. 
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